disease (CD), it is often difficult to localize occult and/ or indolent tumors by the conventional imaging procedures, such as computed tomography (CT) and magnetic resonance imaging (MRI), and even the functional imaging procedures, such as somatostatin receptor scintigraphy (SRS) and [ 18 F]fluorodeoxyglucose-positron emission tomography (FDG-PET).
Since the prevalence of EAS is so rare, only a small number of EAS patients have been reported from different institutions with variable investigational protocols, assays, diagnostic techniques as well as different treatments and follow-up periods. Therefore, it is important to analyze all EAS patients who are diagnosed on the basis of an established investigational protocol, updated novel diagnostic modalities, treated and followed up at the same institute to minimize such differences. Recently, there have been three large series published in detail on clinical features, and clinical outcome of EAS patients at a single institute in USA and ACTH in the tumor tissue specimens obtained from primary or metastatic lesions by surgery or biopsy. ACTH was measured by immunoassays, immunohistochemistry or RT-PCR for POMC, as well as other neuroendocrine makers (chromogranin A, synaptophysin and neuron-specific enolase) by immunohistochemical study. The remaining 6 cases (occult/unkonwn EAS) had negative results of various imaging tests. In those cases with unidentified EAS by any imaging tests, repeated diagnostic imaging tests (CT and/or MRI) were performed every 6-12 months.
Assays
Plasma ACTH and serum cortisol levels were measured by an immunoradiometric assay (Mitsubishi IRMA kit, Mitsubishi Kagaku Medience, Tokyo, Japan), and an enzyme immunoassay (EIA:TOSOH, Tokyo, Japan), respectively.
Statistical analysis
Results are presented as the mean ± SD. The t-test was used for continuous variables, and χ square test for qualitative variables. Survival was analyzed using the Kaplan-Meier method.
Results

Clinical characteristics
Clinical characteristics of sixteen EAS patients (7 males, 9 females) with mean age of 58.4 ± 19.0 (range , are shown in Table 1 . The source of ectopic ACTH secretion was identified (proven EAS) in 10 cases, including small cell lung carcinoma (SCLC) (2), adenocarcinoma of the lung (1), olfactory neuroblastoma (1), gastric malignant carcinoid tumor (or neuroendocrine carcinoma) (1), islet cell carcinoma (or pancreatic neuroendocrine carcinoma) (1), bronchial carcinoid tumor (3), and thymic hyperplasia (1), whereas it was unidentified (occult/unknown EAS) in 6 cases.
Duration of symptoms was 0-46 (11.5 ± 13.2) months. Cushingoid features (moon face, central obesity, easy bruising, hirsutism, muscle weakness) and skin pigmentation were noted in 14 (88%), hypertension in 14 (88%), diabetes mellitus / impaired glucose tolerance(IGT) in 12 (75%), dyslipidemia in 11 (69%), hypokalemia (<3.5mEq/L) in 14 (88%), with mean serum potassium levels (2.58 ± 0.53mEq/L), and severe infection in 7 (44%), including pneumocysEurope [2] [3] [4] . Therefore, the present study was aimed to evaluate the clinical, endocrinological, and imaging features, the management and the prognosis of 16 EAS patients encountered at a single institute in Japan.
Methods
Patients
Sixteen patients with ACTH-dependent CS who had been referred, diagnosed as EAS, treated and followed-up at Tokyo Medical and Dental University (TMDU) Hospital during 1992 to 2009, were studied. Diagnostic imaging test by SRS not available in Japan yet was approved by the Ethics Committee of TMDU Hospital; written informed consent was obtained from each patient. Some cases have been reported elsewhere [5] [6] [7] [8] [9] [10] .
Diagnostic endocrine tests
For differential diagnosis of ACTH-dependent CS, dynamic endocrine tests were performed according to the clinical guideline for the diagnosis of CD proposed by the working group of the Ministry of Health, Welfare and Labor of Japan [11] . A probable diagnosis of EAS was made based on the following criteria, 1) morning serum cortisol level more than a half the basal level after overnight high-dose (8mg) dexamethasone suppression test (HDDST); 2) plasma ACTH response less than 1.5-fold increase over the basal level after stimulation with human corticotropin-releasing hormone (hCRH, 100µg iv bolus:Mitsubishi-Tanabe Pharma, Osaka, Japan) [12] , 3) ACTH gradient as estimated by central to peripheral (C/P) ratios less than 2.0 and 3.0 before and after hCRH stimulation, respectively, during inferior petrosal sinus (IPS) / cavernous sinus (CS) sampling [13] , and 4) absence of pituitary tumor by MRI scan. Suppression of octreotide (OCT) test was defined as a fall in plasma ACTH levels more than a half the basal level 4-6 hours after sc injection of octreotide (Sandostatin ®, 100µg).
Diagnostic imaging tests
For localization of the tumors, all 16 cases with probable EAS had anatomical imaging tests including CT and MRI scans. As for functional imaging tests, 11 had SRS using [ 111 In-DTPA-D-Phe] pentetreotide [14] and 9 had [
18 F] FDG-PET scan [15] . A confirmed diagnosis of EAS (proven EAS) was made in 10 cases by demonstration of the presence of tumor debulking of advanced neuroendocrine carcinoma with multiple liver metastases, originated from the stomach (Case 5) [6] , and the pancreas (Case 6) [7] . Multidisciplinary therapy, including transhepatic arterial embolization, systemic chemotherapy (adriamaycin, dacarbadine, streptozotocin, and fluorouracil), α-interferon, and finally liver transplantation was performed in Case 6 [7] . All 3 cases with lung cancer, 2 SCLC (Cases 1, 2) and one adenocarcinoma (Case 3), had repeated systemic chemotherapy and radiation.
All 6 cases with occult/unknown EAS were treated medically by block-and-replacement therapy with metyrapone (0.75-2.25g/day) with or without dexamethasone (0.5mg/day) to control hypercortisolemia (Table 3) . In all cases, serum cortisol levels were suppressed less than 10µg/dL after metyrapone administration without any adverse effects even after long-term treatment, and Cushignoid features, metabolic abnormalities (hypokalemia, hypertension, and diabetes) and severe infection subsided.
Prognosis
Four of ten cases (40%) with confirmed EAS, including 3 bronchial carcinoid tumors (Cases 7, 8, 9) and one thymic hyperplasia (Case 10) are all alive. In contrast, 3 with lung cancer (Cases 1, 2, 3), 2 with neuroendocrine carcinoma (Cases 5, 6) and one with olfactory neuroblastoma (Case 4), all deceased due to the progression of the primary lesions and/or the widespread metastatic lesions. As shown in Fig. 1 , the median duration of follow-up was 57.2 months (range 6-238) with 10 proven EAS; 6 cases had no remission by surgical and/or medical treatment (range 7-89), whereas 4 cases had complete remission (range 38-238). Six cases with occult/ unknown EAS are all alive for the median duration of follow-up of 67.5 months (range 36 -127).
Discussion
Despite the intensive search for the culprit tumors by dynamic endocrine tests and imaging tests, it is often difficult to localize and confirm the source of occult ectopic ACTH secretion. Thus, it is a diagnostic challenge for endocrinologist to differentiate ACTHdependent CS because EAS and CD share many clinical and endocrinological features in common. This study evaluated the clinical, endocrinological, and radiological features of 16 EAS patients diagnosed and treated as well as the management and prognosis at a tis carinii pneumonia (3), septic shock (2), meningitis (1) and pulmonary empyema (1) . Two SCLC patients presented concomitantly with syndrome of inappropriate ADH secretion (Case 1) and Eaton-Lambert myasthenic syndrome (Case 2), respectively.
Dynamic Endocrine and imaging tests
Basal plasma ACTH levels (211 ± 116 pg/mL) and serum cortisol levels (60.9 ± 30.1 µg/dL) were markedly elevated (Table 2 ). There was a significant inverse correlation between serum cortisol and potassium levels (p=0.0044, R 2 =0.451). 15 cases (94%) showed no cortisol suppression after overnight HDDST, while 12 cases (75%) had no ACTH response after hCRH stimulation. Among 15 cases who had OCT test, six (40%) showed suppression of ACTH after octreotide administration.
Among 10 cases who underwent IPS/CS sampling, 8 (80%) showed no ACTH gradient before and after CRH stimulation except for two; Case 4 (olfactory neuroblastoma) with C/P ratio (2.8) under the basal state [5] and Case 8 (pulmonary carcinoid tumor) with C/P ratio (3.5) after CRH stimulation [9] .
Primary and/or metastatic tumors were identified with CT/MRI scans in 8 of 16 cases (50%): Cases 1, 2, 3 (lung cancer), Case 10 (thymic hyperplasia) and Case 7 (bronchial carcinoid tumor) by chest CT/MRI scan, Case 4 (olfactory neuroblastoma) by head CT/ MRI scan, Case 5 (gastric neuroendocrine carcinoma) and Case 6 (pancreatic neuroendocrine carcinoma) by abdominal CT/MRI scan. Case 9 (bronchial carcinoid tumor) and Case 15 (occult/unknown) showed an equivocal pituitary lesion by brain MRI.
Among 11 cases who underwent SRS, 4 (36%) showed positive results; 4 of 6 cases (66.7%) who showed suppression of ACTH after octreotide administration were SRS-positive. Only one (Case 1) of 9 cases (11.1%) showed positive FDG-PET scan.
Management
To control severe hypercortisolemia (>30µg/dL), 15 cases were initially treated with metyrapone (0.75g -3g/day), in combination with mitotane in two (Cases 2, 15), and later with bilateral adrenalectomy in one (Case 10) [8] .
In 10 cases with proven EAS, curative surgery, tumor debulking and/or chemotherapy were performed (Table  3) . Four cases had complete remission after surgery, including bronchial carcinoid tumor (Cases 7, 8, 9) and thymic hyperplasia (Case 10). Two cases underwent related to hypercortisolemia in our series. Thus, a salient hypokalemia could be a biochemical marker more suggestive of EAS rather than CD. In our series, severe infection (pneumocystis carinii pneumonia, septic shock, meningitis and pulmonary empyema) occurred in 44%, due to increased susceptibility to opportunistic infection by hypercortisolemia. Since severe infection caused by hypercortisolemia is a major cause of mortality in EAS patients [23] , rigorous evaluation of causative microorganisms and appropriate selection of antibiotics as well as prophylaxis for opportunistic infections, such as pneumocystis carinii, should be done.
All cases except one had extremely elevated ACTH and cortisol levels in our series, but there were no major differences of ACTH and cortisol levels between the proven and the occult/unknown EAS patients. Thus it is suggested that occult tumors have increased secretory activity to induce florid clinical manifestations comparable to those of the proved tumors, irrespective of recognizable tumor size.
Various dynamic endocrine tests have been established and widely used for the differential diagnosis of ACTH-dependent CS. For example, HDDST had sensitivity (65-100%) and specificity (60-100%), and CRH stimulation test had sensitivity (86%) and specificity (95%), respectively [24] . Only one patient (6.3%) showed suppression by HDDST, but 25% responded to hCRH stimulation in our series. It has been reported that 6-40% EAS patients showed suppression of serum cortisol, urinary cortisol or 17-OHCS by HDDST [16] , and that 8-10% of CD patients do not respond to CRH stimulation, whereas about 20% EAS patients respond to CRH stimulation [12] . Although each test on its own may be of relatively limited diagnostic accuracy, lack of responses to both tests has a very high, albeit not perfect, sensitivity for the diagnosis of EAS.
IPS/CS sampling with CRH stimulation has been regarded as the most accurate and reliable method to differentiate CD from EAS with high sensitivity (88-100 %) and specificity (90-100 %) [13, 25] . Although there are several possible causes of false-negative findings mainly due to anatomical abnormalities of venous drainage, false-positive cases have been rarely reported [26, 27] . In our series, two cases showed positive result of IPS sampling (Case 4) and normal response to CRH stimulation (Case 8), which may be partly explained by tumor venous drainage closest to the cavernous sinus [5] and the possible trough period of cyclic hormonosingle institution in Japan.
In our series, the lung is the major organ (37.5%) harboring an ectopic source of ACTH secretion, including slowly-growing bronchial carcinoid tumors (3) and rapidly-growing lung cancers (3), such as SCLCs (2) and adenocarcinoma (1) . These data are consistent with those of other series [16] , as well as those in Japan [17, 18] in which nearly 50% ectopic ACTH-secreting tumors are localized in the lung, including SCLC and bronchial carcinoid tumors.
A majority of our EAS patients (88%) presented with skin pigmentation and Cushingoid features due to chronic excess of ACTH and cortisol, respectively, except for 2 SCLC cases who had too short duration and rapid progression of tumors to develop Csushignoid features and skin pigmentation [19] . Recently, EAS patients with lung cancer, especially SCLC, a predominant tumor causing EAS, documented in the previous series in Japan [17] , have been often diagnosed and managed by nonendocrinologists. Instead, patients with slowly-growing tumors, especially carcinoid tumors presenting with clinical and endocrinological features indistinguishable from CD, usually consult endocrinologists. The incidence of Cushingoid features in our series (88%) appears to be consistent with those of recent other series (61-100%) [1] and very similar to those of CD [20] . In contrast, the incidence of skin pigmentation in our series (88%) seems somewhat higher than those of other studies (19-76%) [1] [2] [3] 20] . This may be partly accounted for by the increased sensitivity of skin melanocytes to chronic exposure of the MSH-like activity of excess ACTH and/or the careful and thorough physical examination to detect not only diffuse skin pigmentation, but also local pigmentation, such as in oral mucosa and nail bed.
Our EAS patients had various metabolic complications due to hypercortisolemia, such as hypertension (75%), diabetes (75%), and dyslipidemia (69%), whose frequencies appear comparable to those of other type of CS [21] . It should also be noted that most EAS patients (81%) in our series presented a profound hypokalemia, which is in accordance with previous studies [1, 2] . Since the mineralocorticoid receptor (MR) in the renal tubule is protected from the excess of cortisol by the action of 11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) to convert cortisol to inactive cortisone, saturation of renal 11β-HSD2 by excess circulating cortisol such as in EAS allow it to reach MR to induce hypokalemia [22] . In fact, hypokalemia was inversely All 15 cases in our series were initially and successfully treated medically with steroid synthesis inhibitor, metyrapone, except for one (Case 10) who had bilateral adrenalectomy later [8] . The control of the excess cortisol burden represents an important part of the management [23, 32] . There are many options for adrenal-directed medical therapies, such as steroid synthesis inhibitors (metyrapone, mitotane, trilostane, ketoconazole, aminoglutethimide) and glucocorticoid receptor antagonists (mifepristone) [33, 34] . However, only three drugs (metyrapone, mitotane, trilostane) are available in Japan, among which metyrapone has been only approved as a drug for metyrapone test. Thus, metyrapone, a selective inhibitor of adrenal 11β-hydroxylase, due to its potent and reversible blockade on cortisol synthesis without major adverse effects during long-term use, should be approved as a drug for medical treatment of choice for intractable CS including EAS in Japan.
The prognosis of EAS patients depends on the tumor type. All 6 cases with malignant tumors, including SCLC and gastroenteropancreatic NET (GEP-NET), deceased within 30 months on average, irrespective of multidisciplinary treatment. By WHO classification of 'endocrine tumors 2004', SCLC and GEP-NET which belong to poorly-differentiated and well-differentiated endocrine carcinoma with high-grade and low-grade malignant behavior, respectively [35] , had the worst prognosis, especially SCLC. On the other hand, all 3 cases with bronchial carcinoid tumor, as classified as well-differentiated endocrine tumors with benign or uncertain behavior, could survive, should the tumor correctly localized and removed. All 6 occult/unknown EAS patients, even if a tumor unrecognized, are alive under medical management of hypercortisolism. For example, Case 7 with occult/unknown EAS had been medically treated with metyrapone for 3 years until it was found to be ACTH-secreting bronchial carcinoid tumor successfully localized by selective pulmonary artery sampling (covert EAS) [10] . Thus, a long-term follow-up of such patients with unrecognized tumor are required by repeated endocrine and imaging tests.
In summary, the clinical spectrum of EAS is broad. To localize the tumors responsible for ectopic ACTH secretion, combination of dynamic endocrine tests and imaging tests, including anatomical modalities (CT, MRI) and functional modalities (SRS, FDG-PET) is required. SRS could be more useful for localization of tumors in EAS patients who show ACTH suppression genesis by the tumor [9] , respectively.
Despite extensive evaluation by various imaging tests, tumor was unidentified in 6 of 16 (37.5%) in our series, which seem higher than those (8-19%) reported by other institutes [2] [3] [4] . This is possibly reflecting referral bias and/or limited follow-up periods. In fact, 2 of 6 cases with occult/unknown tumor were referred to us from other institutes in search for the unidentified tumor(s) by diagnostic imaging tests including SRS. Thus, this study has a limitation of accrual bias. Since EAS patients with overt tumor were referred less frequently than those with occult/unknown tumor, the frequency of its localization may be estimated to be low.
The correct localization and confirmation of the ectopic ACTH source by indolent tumor, essentially bronchial carcinoid tumor, is often difficult by the conventional imaging tests, because such tumors are often too small and occult to be detected by the conventional imaging modalities; up to 50% EAS patients are undetectable by CT and MRI scans [2, 28] . In our series, tumors were detected by CT and/or MRI in 8 of 16 cases (50%), thus complimenting those of other institutes [2] [3] [4] .
SRS has been widely used as a useful tool for the visualization of a wide variety of neuroendocrine tumors (NET) to localize the primary tumor as well as the recurrent and/or the metastatic tumors [29] . Because of the predominant expression of somatostatin receptor subtype 2 and 3 in NET [30] , the sensitivities of SRS for detection of EAS varied from 25% [4] to 73% [31] . In our series, 4 of 11 cases (36%) showed positive results by SRS which appear to be comparable to those of other studies [2, 14] . It should be noted that 4 of 6 cases (67%) with ACTH suppression by octreotide showed positive result on SRS. Thus, OCT test could be used in occult/unknown EAS patients as a screening for selection of SRS, because SRS is not available in Japan yet.
Only one (SCLC) out of 9 cases (11.1%) in our series had positive FDG-PET scan. FDG-PET has been reported for detection of EAS with sensitivity of 64% [14] . Since FDG-PET is known to identify tumors with high proliferative activities [15] , this modality seems limited to localize malignant tumors with highly aggressive and invasive nature, like SCLC. Since a single positive finding may represent a false-positive result, combination of anatomical and functional imaging tests should be taken into account in such cases with a questionable, but equivocal tumor [14, 31] . endocrine/metabolism ward at TMDU Hospital for taking care of the patients and the house staff of the affiliated hospitals for referring them included in this study. This study was supported in part by Grants-inAid for Scientfic Research from the Ministry of Health, Welfare and Labor and the Ministry of Education, Science, Sports and Culture of Japan.
by octreotide administration. The prognosis of EAS patients depends on the tumor histology. Even patients with unrecognized tumor could have a favorable prognosis, if hypercortisolism is managed until the tumor may develop to allow its localization.
